Increased systolic blood pressure gradient (SBPG) between the lower and upper extremities is a sign of severe chronic aortic regurgitation (AR). Among 23 patients (58±19 years) with severe ARX3 months, we prospectively found the SBPG (BP difference between the lower and ipsilateral upper extremities) to be inversely related to maximal aortic intimal-medial thickness measured on transesophageal echocardiography and to coronary disease. In severe chronic AR, SBPG is decreased in the presence of coronary artery disease (CAD) and more marked aortic atherosclerosis.
Increased systolic blood pressure gradient between the lower and upper extremities has long been considered a sign of severe chronic AR. This finding, known as Hill's Sign, was found correlated with AR severity.
1 Although the exact mechanism is unknown, Hill's Sign is felt to be related to the enhanced arterial pressure wave transmission and reflection. However, the significance of this finding has been questioned. 2, 3 We hypothesized SBPG to be influenced by left ventricular (LV) function and aortic properties.
To determine clinical and transesophageal echocardiographic (TEE) correlates of SBPG, we prospectively studied 23 consecutive patients referred for TEE who were found to have severe AR, defined as the ratio of the heights of the AR color jet and the LV outflow tract (AR/LVOT (left ventricular outflow tract)) X0.65. All patients had AR X3 months duration. Patients with greater than mild aortic or mitral stenosis (valve areas o1.5 cm 2 ), or coarctation of the aorta were excluded. Clinical variables included: history of hypertension, diabetes, New York Heart Association Class (NYHA), CAD as evidenced by the history of myocardial infarction, revascularization, or abnormal stress perfusion imaging, and AR etiology.
Echocardiographic studies were performed using Hewlett Packard Sonos 5500, equipped with a 4.0-7.0-MHz multi-plane transesophageal probe (Hewlett-Packard, Andover, currently Phillips, Andover, Mass). The TEE probe was advanced to the distal esophagus, rotated posteriorly and slowly withdrawn to scan the descending thoracic aorta. Gain and instrument settings were adjusted to optimize arterial wall imaging. Studies were recorded on standard VHS videotape and interpreted by two observers blinded to hemodynamic and clinical data. Echocardiographic variables included: end-diastolic diameter and ejection fraction, which was calculated by biplane modified Simpson's method. 3 LV mass was calculated according to the modified cube formula. 3 The AR/LVOT ratio was measured at the level of the aortic valve from the most optimal long-axis view. For each patient, end-diastolic diameter, ejection fraction and AR/LVOT were measured and averaged from five cardiac cycles.
Maximal aortic intimal medial thickness (MAIMT) was defined as the distance (mm) between the leading edge of the lumen-intima echo and the leading edge of the media-adventia echo on crosssectional TEE images of the descending aorta. Available echocardiographic frames were screened for maximal MAIMT size. Three MAIMT measurements on a single frame of the maximum dimension visualized were averaged. Aortic atherosclerosis was also quantified according to a previously published ordinal grading scale of 1-4 based upon intimamedial complex. 4 Two observers blinded to the hemodynamic data interpreted the TEE recordings of all patients independently. Intraobserver and interobserver coefficient of variation between repeated measurements of MAIMT were 3.5 and 4.1%, respectively.
Brachial artery BP was determined by sphygmomanometry. Lower extremity SBP was determined by palpation of the popliteal artery after a large size cuff was inflated around the thigh. 5 The SBPG was determined as the difference in SBP between the lower and ipsilateral upper extremities. Three measurements were recorded and averaged.
Data are expressed as mean ± s.d. Categorical variables are presented as percentages. SBPG and echocardiographic parameters were assessed using Spearman correlation analysis. SBPG and atherosclerotic grades were compared using analysis of variance. Forced multiple regression analysis was performed to determine independent correlates of SBPG using significant univariate predictors (MAIMT, CAD and mean arterial pressure) in the model. All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) 15.0 software (SPSS Inc., Chicago, IL, USA). A P-value o0.05 was considered statistically significant.
Among 23 patients, 87% were male, age 58 ± 19 years; 39% had bicuspid valves and 18% had aortic root dilation, 57% had hypertension, 17% had diabetes and 39% had CAD. Mean ejection fraction was 48±15% and NYHA class was 1.8±0.4. SBPG and MAIMT were normally distributed. All patients were in sinus rhythm (76 ± 11 beats/min). Mean MAIMT was 2.7±1.6 mm (range: 0.2-6.2 mm). Mean arterial BP was 79 ± 11 mm Hg. Pulse pressure was 60 ± 17 mm Hg. Mean SBPG was 19 ± 24 mm Hg (range: À32 to þ 79). Mean LV mass was 371±137 gm.
For the entire group, age was correlated with MAIMT (r ¼ 0.45, P ¼ 0.03). SBPG was unrelated to age (r ¼ À0.27, P ¼ 0.21), AR/LVOT (r ¼ À0.33, P ¼ 0.11), gender, hypertension and diabetes. SBPG was significantly lower in patients with CAD (1.0±19 vs 19±24 mm Hg, P ¼ 0.002). SBPG inversely correlated with MAIMT (r ¼ À0.51, P ¼ 0.012), (Figure 1 ). There was a trend toward a correlation between SBPG and ejection fraction (r ¼ 0.39, P ¼ 0.10). On forced multivariate analyses, CAD and MAIMT (R 2 ¼ 0.58, P ¼ 0.02 and P ¼ 0.03, respectively) were found to be independent predictors of SBPG, whereas mean arterial pressure was not (P ¼ 0.11).
Using the grading system of Rohani et al., 4 three patients had grade I, 10 grade II, eight grade III and two patients had grade IV aortic atherosclerosis. There was a significant stepwise relation between SBPG and atherosclerotic grades (P ¼ 0.03).
In healthy subjects, systolic BP is normally 10 mm Hg higher in the lower than in the upper extremity as a consequence of pressure wave reflection and summation from reflective sites more distant from the central circulation. 6 Chronic AR is felt to augment this process because of increased forward stroke volume and lowered systemic vascular resistance. Increased SBPG has long been considered a sign of severe chronic AR.
1 In this setting, we found SBPG inversely related to the presence and extent of atherosclerosis measured by MAIMT. MAIMT is a marker of atherosclerosis that strongly correlates with pathologic measurements of atherosclerosis 7 and is associated with coronary, carotid and peripheral vascular disease. 8 The comparison of lower extremity to upper extremity BP is more commonly evaluated by the ankle brachial SBP index. An ankle brachial SBP index p0.90 is considered as the evidence of lower extremity atherosclerosis and is predictive of cardiovascular events. 9 Although SBPG and ankle brachial SBP index are mathematically coupled, the effect of atherosclerosis on the SBPG has not been previously evaluated. No patient was found to have an ankle brachial SBP index o0.9 suggesting that the obstructive peripheral artery disease does not account for the present findings. The presence of CAD was likely a marker of more extensive atherosclerosis.
There is a complex interplay between atherosclerosis, aortic compliance and pressure waveform reflection. Atherosclerosis is well-known to reduce aortic and carotid arterial compliance. 10 Aortic compliance is altered in patients with AR. Razzolini et al.
11 compared and found lower aortic compliance in 11 patients with AR than in 23 controls before but not after accounting for the Windkessel effect. Another study found patients with chronic AR to have increased carotid arterial distensibility. 12 Although retrospective and small, this study found in patients with severe chronic AR that the SBPG is decreased in the presence of CAD and with more marked aortic atherosclerosis. This lowers the diagnostic utility of this finding. Decreased SBPG appears unrelated to obstructive peripheral disease. What is known about this topic K An increased systolic blood pressure gradient (SBPG) between the lower and upper extremities is considered an sign of severe chronic aortic insufficiency. K The significance of this finding has recently been questioned.
What this study adds K SBPG is decreased in the presence of aortic atherosclerosis in the setting of severe chronic aortic insufficiency. K The presence of extensive aortic atherosclerosis lowers the SBPG diagnostic utility for severe chronic aortic insufficiency.
